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Background:  Acute  Achilles  tendon  rupture  can be  treated  conservatively  or surgically.  Open  surgery
restores  tendon  continuity  but carries  a  risk  of  skin  complications.  Tenolig® is a  device  designed  for  the
percutaneous  biological  treatment  of acute  Achilles  tendon  rupture.  Earlier  studies  found  high  rates  of
recurrent tears  and  nerve  injury  after  Tenolig® repair.
Hypothesis:  We  hypothesised  that intra-operative  ultrasonography  during  Tenolig® repair  would
decrease  the  post-operative  complication  rate  and  improve  functional  outcomes.
Materials  and methods:  We  studied  75 consecutive  patients  with  a  mean  age  of 39.9  years.  The injury  was
sports-related  in  82.8%  of  cases.  Mean  distance  from  the  calcaneal  tendon  attachment  to the  tear  was
5  cm  and  mean  time  from  injury  to repair  was  4.2  days.  All patients  underwent  Tenolig® repair  under
ultrasound  guidance  followed  by early  rehabilitation  therapy  with  partial  weight  bearing  started  after  3
weeks.
Results:  Mean  follow-up  was  20.7  months  and  no  patient  was  lost  to follow-up.  A single  patient  (1.3%)
experienced  rerupture  and none  had  permanent  sural  nerve  damage.  Mean  time  to  sports  resumption
was  8.6  months,  with  two-thirds  of  patients  returning  to  their  previous  level  of  sporting  activities.  The
mean  AOFAS  functional  score  was  95  and  the  mean  ATRS  score  was  91.3.
Discussion:  Our  experience  suggests  that  intra-operative  ultrasonography,  a non-invasive,  widely  avail-
able,  and accurate  tool,  provided  improved  control  of  Tenolig® suture  position.  Ultrasonography  provided
valuable  guidance  during  this  demanding  procedure  and  allowed  the  very  early  initiation  of  rehabilitation
therapy.  Another  crucial  factor  is patient  education  about  the  physical  therapy  programme.  Attention  to
this  point  allowed  us to obtain  robust  and reliable  functional  outcomes  in a population  predominantly
composed  of  athletes.
Level of evidence:  Level  IV.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
The management of acute Achilles tendon rupture has long
een a focus of debate between those who advocate conservative
ethods and those who  prefer surgery [1]. The ﬁrst standardised
rthopaedic treatment was developed by Lea et al. in 1968 [2].
onservative treatment carries no risk of skin complications or
nfection. Its main drawbacks consist in high rates of rerupture,
endon stretching, and muscle wasting [3].
∗ Corresponding author. Service de chirurgie orthopédique et traumatologique
, hôpitaux universitaire Est Parisien – Saint-Antoine, 184, rue du Faubourg Saint-
ntoine, 75571 Paris cedex, France. Tel.: +33 14 9283 306.
E-mail address: lacoste.sophie@hotmail.fr (S. Lacoste).
http://dx.doi.org/10.1016/j.otsr.2014.09.018
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.No consensus exists about the best surgical treatment. Open
surgery restores tendon continuity but carries a risk of skin adhe-
sions and infection, as well as of nerve injury, with a complication
rate of up to 34.1% [4]. Several percutaneous techniques have been
reported since the seminal description by Ma  and Grifﬁth in 1977
[5]. Tenolig® (FH Orthopedics, Heimsbrunn, France) is a device
developed by Delponte et al. [6] to maintain the tendon stumps in
contact with each other. Although the risk of infection is low, Maes
[7] has reported rerupture in 10% of cases and sural nerve injury in
6.4%. In a study of 21 patients, Soubeyrand et al. [8] found that the
Tenolig® needle was  located outside the tendon in 45% of cases.We sought to improve the outcomes of Tenolig® repair in
patients with acute Achilles tendon rupture. Our goal was  to
increase the reliability of suture positioning while preserving the
sural nerve and allowing early rehabilitation therapy in accordance
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Table  1
Epidemiological data. Among patients with sports-related injuries, only the 64
patients with injuries during impulsion were considered.
Epidemiological
data
Sub-groups
(units)
n – (%)
mean (min–max)
Sex Males 60 (80%)
Females 15 (20%)
Age (Years) 39.9 (17–63)
Occupation Physical 17 (22.7%)
Sedentary 51 (68%)
None 7 (9.3%)
Sports Professional 4 (5.3%)
Competition 45 (60%)
Recreational 26 (34.7%)
Type of sports With
pivoting
54 (72%)
Without
pivoting
15 (20%)
All types 6 (8%)
Tendinopathy 13 (17,3%)
Smoker 22 (29.3%)
Type of injury Impulsion 64 (86.3%)
Steps 11 (14.7%)
Sports-
related
injury
n  = 64 53 (82.8%)
Level of
rupture
(cm) 5 (3–8)
Time to
surgery
(Days) 4.2 (0–21)
Hospitalisation Outpatient 71 (94.7%)
1 night 4 (5.3%)
Anaesthesia Regional 57 (76%)
Spinal 15 (20%)
General 3 (4%)
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2.4. Post-operative care
Anticoagulation in prophylactic dosages was given for 45 days.
An anterior splint maintaining the ankle in 30◦ of plantar ﬂexionOperative
time
(Minutes) 26 (10–40)
ith current recommendations [9]. Our working hypothesis was
hat intra-operative ultrasonography to guide Tenolig® repair
ould decrease the post-operative complication rate and improve
he functional outcomes.
. Material and methods
Between 2008 and 2012, 85 patients were managed in our
epartment for Achilles tendon rupture. For this study, we prospec-
ively enrolled consecutive patients.
.1. Inclusion and exclusion criteria
Acute Achilles tendon rupture was the only inclusion criterion.
xclusion criteria were chronic tendon rupture (time since rupture
onger than 21 days), recurrent tendon rupture, proximal rupture at
he muscle-tendon junction, distal tendon detachment, and contra-
ndications to surgery.
.2. Patients
We  included 75 patients, all of whom were managed by percu-
aneous implantation of the Tenolig® device under intra-operative
ltrasound guidance, followed by early rehabilitation therapy.
Table 1 reports the main epidemiological data. The patients fell
nto three categories based on the type of sports they engaged
n: pivoting-contact sports (badminton, volleyball, tennis, basket-
all, judo, handball, and hip-hop), straight-line sports (swimming,
unning, hiking, all terrain bicycling), and both (pivoting and
traight-line). Three patients had a remote history of contralateral
chilles tendon rupture; 1 had been treated by open surgery and 2
y Tenolig® repair.Fig. 1. The patient is in the prone position with a pad under the ankle. Note the
ultrasound machine and transducer.
2.3. Operative technique
The patient was  prone with a pad under the ankle (Fig. 1). The
procedure was performed without a tourniquet. The ultrasound
machine was  a portable M-Turbo® (SonoSite Inc., Bothell, WA,
USA). A Tenolig® kit was used.
After palpation of the gap, the surgeon identiﬁed the ultrasound
landmarks alone. None of the surgeons received any speciﬁc train-
ing from radiologists. Ultrasonography was  used to determine the
location of the stumps and to identify the lateral and medial poste-
rior edges of the tendon. Disappearance of the gap upon ﬂexion of
the foot was checked on the ultrasound images. The sural nerve
was identiﬁed from the lateral retro-malleolar groove near the
saphenous vein to the intersection with the lateral edge of the
tendon (Figs. 2–4), with the help of the anaesthesiologists given
their expertise in this area. The proximal stab incisions and dis-
tal exit points were determined based on the location of the tear.
If required by the level of the intersection with the sural nerve,
the lateral entry point was shifted medially to avoid injuring the
sural nerve during insertion of the needle (Fig. 5). Progression of
each needle was monitored on the transverse ultrasound image to
allow proper positioning within the tendon down to the exit point
(Fig. 6). After tensioning and tightening of the sutures, ultrasono-
graphy was  used to check that the two tendon stumps were in close
contact with each other.Fig. 2. Identiﬁcation of the sural nerve, starting at the retro-malleolar groove.
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Fig. 3. Transverse view of the sural nerve (arrow) at the lateral edge of the tendon
sheath.
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as worn for 21 days, during which weight bearing was  eliminated.
obilisation was started immediately and consisted in passive and
ssisted active plantar ﬂexion and dorsal ﬂexion to no more than
0◦ by day 45. Partial weight bearing with a walking orthosis and a
eel lift to maintain 30◦ of plantar ﬂexion was started after 3 weeks.
he Tenolig® sutures were removed after 6 weeks, and full weight
ig. 5. Medialised proximal scars 6 months after Tenolig® repair of the left Achilles
endon under ultrasound guidance.Fig. 6. Ultrasound monitoring of needle progression.
bearing was then started, with stepwise decreases in the height of
the heel lift at 2-week intervals. Triceps-strengthening exercises
and resumption of sports training were started after 3 months.
2.5. Evaluation criteria
We evaluated our working hypothesis based on the duration
of post-operative follow-up, occurrence of post-operative compli-
cations, and functional outcome. We  considered three categories
of post-operative complications: systemic, local major (rerupture,
permanent sural nerve damage, and deep infection), and local
minor (rupture at the muscle-tendon junction, transient sural nerve
damage, superﬁcial infection, and distal skin ulcer). To assess the
functional outcome we  used the time to work resumption, sporting
activities (return to the same sport or change to another sport, level
of sporting activity, and time to sports resumption), gait analysis,
range of passive dorsal ﬂexion comparatively to the contralateral
ankle, symmetry of physiological equinus in the prone position
with the knees ﬂexed, and subjective apprehension. We  also deter-
mined the functional American Orthopaedic Foot and Ankle Society
(AOFAS) Ankle-Hindfoot score (maximum, 100 points) [10] and the
functional Achilles Tendon Rupture Score (ATRS) (maximum, 100
points) [11].
3. Results
Mean follow-up was 20.7 months (12–36). No patients were lost
to follow-up.
3.1. Post-operative complications
A single patient (1.3%) experienced a rerupture. This 57-year-old
male was  an athlete with no history of smoking or tendinopathy. He
underwent surgery 4 days after the injury. The tendon repair was
satisfactory and the post-oeprative course uneventful. Time to the
rerupture was 9 weeks, i.e., 3 weeks after removal of the Tenolig®
device. He had resumed full weight bearing and no longer used the
heel lift. The rupture occurred during brisk walking in the absence
of a well-characterised trauma.
Rupture at the muscle-tendon junction occurred in 3 (3.9%)
patients, after 2.5 months, during physical therapy sessions. These
ruptures were located proximally, at a considerable distance from
the tendon, which was continuous and painless. They were treated
functionally, without discontinuing the rehabilitation therapy pro-
gramme.
Paraesthesia in the territory of the sural nerve was  reported
by 2 (2.6%) patients and resolved spontaneously within 4 months.
Superﬁcial infection developed in 3 (3.9%) patients and distal skin
ulcers in 8 (10.7%) patients.
No patient experienced permanent sural nerve damage or deep
infection.
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e-leg tiptoe stance 9 months after Tenolig® repair.
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.2. Functional outcome
Mean time to work resumption was 54 days (0–90). Of the 75
atients, 55 (73.3%) were able to return to their previous sport and
5 (63.6%) of these 55 returned to the same level of sporting activ-
ty, whereas 20 (36.4%) reported resuming the same sport at a lower
evel because of apprehension, which they described verbally as a
ental block driven by fear or by recollections of the injury. The
0 (20/75, 26.7%) patients who switched to another sport reported
hat apprehension was the reason for this decision; they changed
rom pivoting sports to sports involving straight-line activities or
ostures (surﬁng or tai chi). Mean time to sports resumption was
.6 months (4–12) (Fig. 7). Some of the patients reported high-
evel performances: 47 km all terrain bicycling competition after
 months, return to professional hip-hop practice after 4 months
Fig. 8), and national judo competition after 8 months (these last
 patients had a remote history of contralateral Achilles tendon
upture).
A single patient (1.3%) had an abnormal gait, even at last follow-
p. This was the patient with a rerupture. Dorsal ﬂexion was  limited
ompared to the other side in 4 (5.3%) patients and increased
n 5 (6.7%) patients. Physiological equinus was asymmetrical in
 (6.7%) patients. Subjective apprehension was reported by 40
53.3%) patients. The mean AOFAS score was 95 (80–100) and the
ean ATRS was 91.3 (70–100).
. Discussion
In our prospective study of consecutive patients, the functional
utcomes were satisfactory, with all patients being able to resume
porting activities, after a mean of 8.6 months and at the previous
evel in 63.6% of cases. The post-operative complication rate was
ery low. No patients experienced complications related to ultra-
onography, which we believe is helpful during surgery to repair
cute Achilles tendon ruptures.
No previous studies have evaluated Tenolig® repair under
ltrasound guidance. Intra-operative ultrasonography is a non-
nvasive, non-irradiating, and inexpensive investigation that can
e performed in the operating room with help from the anaes-
hesiologists. The intra-operative use of ultrasonography does notFig. 8. Left: 18 months after Tenolig® repair of the left Achilles tendon under ultra-
sound guidance. Right: 15 years after open surgical repair of the right Achilles
tendon.
signiﬁcantly increase the operating time [12]. Ultrasonography
improves the reliability of suture positioning by providing real-
time images of the boundaries of the tendon and their relationships
with the sural nerve.
The sample size was substantial in our study, and all our patients
practiced sports regularly. The characteristics of our population
are consistent with previously published data. We  had a very low
rerupture rate (1.3%) after a mean follow-up of 20.7 months. None
of the patients experienced permanent damage to the sural nerve.
The learning curve for ultrasound evaluation of the Achilles tendon
was extremely short. Evaluation of the sural nerve proved more
challenging but was facilitated by the clear visibility of the exter-
nal saphenous vein travelling alongside the nerve. This point may
explain the 2 (2.6%) cases of transient sural nerve damage at the
ology: Surgery & Research 100 (2014) 925–930 929
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eginning of our experience. In a study comparing Tenolig® repair
ith and without ultrasonography, we found that ultrasound guid-
nce signiﬁcantly decreased the risk of sural nerve injury [12]. In
 cadaver study of the anatomic relationships between the sural
erve and the lateral tendon edge, Webb et al. [13] showed that the
ntersection was located 6.55 to 16 cm proximal to the calcaneal
endon attachment. Thus, the trajectory of the sural nerve varies
idely across individuals.
The only rerupture in our study was seen in a 57-year-old male
hose time to surgery was well within recommendations and
hose post-operative course was uneventful. The reasons of the
ecurrence are unclear but may  involve the relatively advanced age
f the patient and excessively rapid discontinuation of use of a heel
ift. The skin healing disturbances seen in our study (10.7%) are
nherent in the technique and may  be viewed as among the lim-
tations of Tenolig® repair. They consisted in distal skin ulcers at
he points of contact with the buttons, which healed after Tenolig®
emoval (Fig. 9). The immediate initiation of rehabilitation therapy
nd resumption of partial weight bearing after 3 weeks may  have
ncreased the risk of skin ulcers. Apprehension was  reported by 40
atients, of whom half switched to another sport and half returned
o the same sport at a lower level. Tendon stretching was  consid-
rably less common. This point may  have inﬂuenced the functional
core values in our study. Two patients with a distant history of
ontralateral Achilles tendon rupture were able to resume inten-
ive training very early, with no restrictions. They may  have been
articularly effective in coping with their apprehension during the
ecovery period.
Tenolig® is a compromise between open surgery and con-
ervative treatment. Conservative treatment requires prolonged
mmobilisation and carries a high risk of rerupture. Open surgery
s associated with skin complications (deep infection and tendon
dhesions) and neurological injury [14]. Although Tenolig® repair
as introduced many years ago, few studies have evaluated the
utcomes. High rates of rerupture (10%) and sural nerve injury
6.4%) have been reported [7], as well as suboptimal positioning of
he sutures [8]. Table 2 recapitulates the data from earlier studies of
enolig®. The study by Maes et al. included a substantial number of
atients but had a high rate of post-operative complications [7]. In
 smaller sample size, Taglialavoro et al. [15] observed a higher rate
f transient sural nerve injury (7.1% versus 2.6%), as well as a higher
ate of rerupture (7.1% versus 1.3%) similar to that reported by Mertl
able 2
ata from studies of Tenolig®: post-operative complications and functional outcomes.
Authors Year Number of
patients
Rerupture Sural nerve damage 
Permanent Tran
Our study 2013 75 1 (1.3%) 0 2 (2.
Taglialavoro [15] 2011 28 2 (7.1%) 0 2 (7.
Gigante [16] 2008 20 0 0 
Maes  [7] 2006 124 12 (10%) 8 (6.4%) 
Mertl  [17] 1999 26 2 (7.7%) 0 
Delponte [6] 1992 28 0 NR 
R: not reported.Fig. 9. Distal skin ulcer 45 days after Tenolig® repair, immediately after device
removal.
et al. (7.7%) [17]. In a meta-analysis of randomised controlled tri-
als comparing open surgery to percutaneous surgery, Khan et al.
[14] found a signiﬁcantly higher rate of deep infections with open
surgery (19.6% versus 0% with percutaneous surgery). The differ-
ence in the rate of rerupture (4.3% with open surgery versus 2.1%
with percutaneous surgery) was not statistically signiﬁcant. These
data should be interpreted with circumspection as Tenolig® repair
was only one of several different types of percutaneous treatment
used in the trials.
No published studies have compared Tenolig® repair to open
surgery. A comparison of functional outcomes with these two treat-
ments would be of interest. One possibility is that, regardless of the
repair method used, obtaining good functional outcomes is depend-
ent on early and prolonged rehabilitation therapy. A recent study
found no signiﬁcant difference in functional outcomes between
open surgery and conservative treatment with immediate initia-
tion of rehabilitation therapy in both groups [18].
Time to return
to work
Time to return
to sports
Level of return
to sports
Scores
sient
6%) 54 days
(0–90)
8.6 months
(4–12)
Same:
63.6%
AOFAS
95 (80–100)
ATRS
91.3 (70–100)
1%) NR NR NR McComis
65.12
NR NR NR NR
NR NR NR NR
9: < 2 months
9:  2–3 months
2: > 3 months
14: 3 months
4: 6 months
Same:
55%
McComis
5 excellent
9  good
4  fair
2  poor
7–30 days 45–139 days
(1.5–4.6
months)
NR NR
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[18] Olsson N, Silbernagel KG, Eriksson BI, Sansone M,  Brorsson A, Nilsson-30 S. Lacoste et al. / Orthopaedics & Traumat
These data emphasise the need for early rehabilitation therapy
nd for patient education and adhesion to the rehabilitation pro-
ramme. A prerequisite to early rehabilitation therapy is proper
uture position and close approximation of the tendon stumps.
ltrasonography ensures that these conditions are met. It would be
nacceptable now to contraindicate immediate rehabilitation ther-
py after stable percutaneous internal ﬁxation because of the lack of
ntra-operative imaging. The certainty and conﬁdence provided by
ntra-operative ultrasonography are communicated to the patient
ia empathy, thereby reassuring the patient during the recovery
hase and combating the subjective limitations related to appre-
ension, on which we have little control. Special caution is required
uring the period from device removal to the end of the third post-
perative month, during which the height of the heel lift should be
ecreased gradually, most notably in patients older than 50 years
f age.
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